-actin protein decreases with aging, making Stain-Free technology a superior loading control in Western blotting of human skeletal muscle.
INCORRECT RESULTS may be the consequence of using an inadequate normalization procedure in Western blotting (17, 27) . Longitudinal and cross-sectional studies in human applied physiology are often accompanied by biochemical analysis of skeletal muscle biopsies. A widely used method to analyze protein levels in a homogenate is Western blotting. This technique requires a loading control to correct for loading errors. One such approach is to normalize the data to a reference ("housekeeping") protein as an internal reference. Importantly, this protein must be proven to remain unaffected by the intervention or subject characteristics to avoid incorrect results (17, 27) . ␣-Tubulin, ␤-actin, and GAPDH are widely used housekeeping proteins in Western blotting (4, 12) , However, today it is recognized that reference proteins are subject to change under biological conditions, such as different tissue types, interventions often used in applied physiology, and with age. Therefore, the term "housekeeping" protein is inappropriate and the term reference protein (RP) is used instead.
Recent human and animal research has raised some concerns about reliability of these reference proteins for Western blotting. Yu et al. (32) suggested that ␤-actin and ␤-tubulin protein levels decrease in leukocytes with age, whereas Galpin and colleagues (5) reported different GAPDH content between skeletal muscle fiber types in humans. Likewise, Lowe and colleagues (13) observed decreased GAPDH protein level in rat muscle with age that may be related to changes in fiber type composition. Additionally, GAPDH mRNA levels have been reported to be decreased after leg immobilization (16) . In human adipose tissue it was demonstrated in obese and nonobese individuals that neither GAPDH nor ␤-tubulin are adequate as loading controls (19) . Consequently, when applying a RP as loading control care and caution is needed, especially when skeletal muscle is studied, because of its dynamic properties. In addition, RP may be present in high abundance in all eukaryotic cells, giving a risk of signal saturation even at low sample loading. A saturated RP signal is not reflective of quantitative differences in protein concentration and thereby provides a wrong reference (27) . Ultimately, normalization to a saturated RP signal could lead to an incorrect interpretation of the protein of interest.
Normalization to total protein (TP) loaded is another frequently used loading control. Traditionally, Ponceau, Coomassie Blue, or SYPRO staining has been used. All of these approaches have been shown to be reliable for measurement of TP but adds a staining and destaining step to the analysis process (22, 31) . TP detection by Stain-Free (SF) technology has been proposed as a reliable, sensitive, and time saving internal reference in cell lines and rodent tissues (1, 7, 10, 12, 20, 26) . SF electrophoresis gels have been added a 58-Da Trihalo compound, which covalently binds to tryptophan residues in proteins when exposed to ultraviolet (UV) light (3). This modification is required for protein visualization in the SF gel after electrophoresis and on the membrane after transfer. The convenience of not needing to stain or probe the blot combined with the high quality of the images obtained from the SF membrane prompted us to validate this technology for TP detection in homogenates from human skeletal muscle.
The SF technology has been validated against traditional loading control methodology (2) in cell lines (9, 10) and rat liver (7) . However, there is a need to investigate whether this technology can be applied to human skeletal muscle obtained from studies using different subject characteristics and interventions (12) . Therefore, our aim was to make a thorough validation of the SF technology and to compare it to the RPs ␤-actin, GAPDH, and ␣-tubulin as normalization tool in human skeletal muscle samples. The focus was on physiological characteristics that have been suggested to influence reference protein levels in human skeletal muscle [i.e., fiber type distribution (5, 13), aging (12) , and muscle wasting by immobilization (16)]. We conducted three studies: 1) linearity evaluation, 2) methodological variation, and 3) variation in studies using subjects with different physiological characteristics and undergoing different interventions: young sedentary vs. life-long endurance trained middle-aged men with a significantly higher type I fiber type distribution and 14 days of unilateral immobilization in young and older men. Additionally, to exemplify the significance of variation in RPs and the according possible false positive or negative results we normalized the protein level of mitochondrial complex V to the three investigated RPs and the SF technology. Finally, we wanted to elucidate a recent suggested limitation of the SF technology. Gilda and Gomes (7) suggested that the UV driven covalent trihalo modification of tryptophans may disrupt the antibody-antigen interaction. Therefore, an antibody raised against a tryptophan-containing epitope was tested.
Our criteria for a good loading control was one with a strong signal linearity (26, 27) , low methodological variation, low inter-and intraindividual variation, and a stable signal (UV light or chemiluminescence) when evaluated with samples exhibiting different physiological characteristics and exposed to different interventions often used in applied physiology.
MATERIALS AND METHODS

Study Design
Linearity. To test relative quantification a protein gradient (5, 10, 30 , and 40 g protein) was loaded, and linearity was analyzed in the SF membranes by measuring the UV light intensity of the different loaded lanes. Subsequently, the membranes were probed with antibodies against either ␤-actin, GAPDH, or ␣-tubulin to analyze linearity in the images obtained using chemiluminescence ( Fig. 1) (15) . The preparation of the samples and the methods are described below in the Homogenates and Samples and Western Blotting sections.
Methodological variation. A loading control in Western blotting must not change as a consequence of the experimental setting (i.e., the protein level of the RP). Here the within membrane variability caused by the methodology was tested. This was done to separate the methodological variation from the interindividual variation obtained in study 3. Hence, it can be ruled out that a difference in interindividual variation in study 3 is due to methodological variation. Identical aliquots from the same sample (20 g protein) were loaded in all lanes. The within membrane variation was obtained as the result of the sensitivity of the protein concentration measurement, pipetting, transfer, and, for the RPs, also variation in the probing with the antibodies. Figure 2 shows the total protein measured with SF technology and the independent RPs (␣-tubulin, ␤-actin, and GAPDH). The experiment was repeated three times for the SF technology and once for the independent RPs. The preparation and methods of the samples are described below in Homogenates and Samples and Western Blotting.
Different physiological conditions. The constancy of the protein level of RP and TP measured by SF technology under different physiological conditions and interventions was tested. In addition to the methodological variation, the variation related to biopsy sampling, handling, and dissection of the samples; the protein determination; and preparation for electrophoresis to the methodical variation are also contributing (27) . The preparation and methods of the samples are described below in Homogenates and Samples and Western Blotting. Muscle samples from two human experimental studies were chosen to elucidate inter-and intraindividual variation in signals obtained by UV light for SF technology or RPs measured by chemiluminescence.
a: The first study from which muscle samples were used of middle-aged men with a life-long history of endurance training (n ϭ 7, one sample was deteriorated but was included as an example of improved work-flow with the SF technology, see arrow in Fig. 3B ) compared with sedentary but healthy controls (n ϭ 8). Groups were matched for lean body mass, but the endurance trained group had higher V O2 max and type I muscle fiber percentage than controls (Fig.  3A) . This was chosen to elucidate how large differences in fiber type I affects RP level.
Data from this study was previously published (24, 25, 30) . b: The second study from which muscle samples were used focused on the effect of 14 days of unilateral immobilization by a DonJoy cast in young and older men. Samples from 5 (of 17) young and 5 (of 15) older men who lost most muscle mass during immobilization, measured by dual-energy X-ray absorptiometry (DXA) were included ( Fig. 4A ; Ref. 29) . This was chosen to elucidate how differences in age and how a major loss of muscle mass affects RP level. Complete information on the immobilization protocol and subject characteristics were previously described in detail elsewhere (8, 18, 21) .
The studies were performed according to the Declaration of Helsinki and were approved by the Ethics Committee of Copenhagen number H-4-2010-85 and KF 01-091/02 for study 3a and 3b, respectively. All subjects were carefully informed (verbal and written material) about the possible risks and discomfort involved before written consent to participate was obtained.
Homogenates and Samples
For the linearity and immobilization studies (studies 1, 2, and 3b), ϳ20 mg of tissue wet weight was freeze dried and dissected free of all visible connective and fat tissue. Then, 4 -4.5 mg dry weight (d.w.) of the biopsies were homogenized in 400 l cold RIPA buffer containing proteases and phosphates inhibitors [50 mM Tris pH 8.0, 150 mM NaCl, 1% (w/v) NP-40, 0.5% (w/v) Na-deoxycholate, 0.1% (v/v) SDS, 2.5 mM PMSF, 20 mM ␤-glycerophosphate, 10 mM pyrophosphate, 2 mM sodium ortovanadate, and one mini EDTA-free protease inhibitor tablet according to the manufacturer's instructions (Roche Diagnostics, Mannheim, Germany)]. Homogenization was done at 30 Hz for 2 ϫ 2 min at Ϫ20°C in a TissueLyser (Qiagen Retsch, Haan, Germany) or until the sample was completely dissolved. Thereafter, the homogenates were sonicated at 40 kHz in an ultrasonic cleaner (VWR, Roedovre, Denmark) for 1 min.
In study 3a, the homogenates originated from a previously published study were used (30) . In short, the homogenization buffer contained: 25 mM Tris pH 6.8, 10 mM pyrophosphate, 2 mM sodium ortovanadate, 5 mM EDTA, 20 mM pyrophosphate, and 3% SDS (v/v), 20 mM ␤-glycerophosphate. In all studies total protein concentration was measured by a bicinchoninic acid assay (Pierce, Rockford, IL) in triplicate, and a maximal coefficient of variation of 5% between replicates was accepted.
Western Blotting
The protein homogenates diluted in Laemmeli buffer [40% glycerol (v/v), 8% SDS (v/v), 250 mM Tris-HCl, 200 mM dithiothreitol (DTT), Bromophenol Blue] were heated to 95°C for 10 min and separated on 12% Criterion TGX Stain-Free polyacrylamide precast gels (Bio-Rad, Copenhagen, Denmark). After SDS-electrophoresis, the gels were activated using UV light exposure for 5 min followed by a 1-s exposure image in an LAS 4000 image analyzer (GE Healthcare, Little Chalfont, UK). The activated gel was then electrophoretically transferred [to a polyvinylidene fluoride (PVDF) membrane (0.2 m pores, Bio-Rad)] using the Trans-Blot Turbo Transfer System (25 V in 7-min protocol, Bio-Rad) with Trans-Blot Turbo Midi Transfer Packs (Bio-Rad). After transfer, another 1-s UV light exposure image was taken of the membrane and gel to visualize protein transfer efficacy. The membranes were blocked for 1.5 h at room temperature with skim milk [5% (w/v)] diluted in Tris-buffered saline (10 mM Tris Base, 150 mM NaCl, pH 7.4) Ϯ 0.05% (/v) Tween 20. To determine the proteins of interest, the membranes were incubated with the primary antibody overnight at 4°C. The primary antibodies were anti-GAPDH diluted 1:20,000 in 5% skim milk (cat. no. AM4300, Life Technologies, Naerum, Denmark); anti-␤-actin diluted 1:20,000 in 5% skim milk (cat. no. A2066, Sigma Aldrich, Broendby, Denmark); anti-␣-tubulin diluted 1:10,000 in 5% (w/v) skim milk (cat. no. T6074, Sigma Aldrich); anti-AMPK␤1, raised in a rabbit against an N-terminal region (14), diluted 1:1,000 in 2% skim milk (Upstate Biotechnology, Walthman, MA); and mitochondrial complex V (Cat. No. ab110411, Mitoprofile Total OXPHOS human WB antibody cocktail, Abcam, Cambridge, UK). Vizualization of antibody-specific labeling bands were revealed after incubation with horseradish peroxidase-conjugated secondary antibodies (Dako, Glostrup, Denmark) and signal activation with enhanced chemiluminescence Western blotting detection system (ECL, GE Healthcare, Little Chalfont, UK) and a CCD camera (LAS 4000, GE Healthcare). Quantification was done by the Image Quant TL software (GE Healthcare) where intensities of specific bands obtained by chemiluminescene were normalized to the entire UV intensity of the corresponding sample representing the total protein content on the membrane. To assess protein levels of mitochondrial complex V after probing for a RP, the peroxidase activity of the secondary antibodies attached to the primary RP was inactivated with hydrogen peroxide. This was done by incubating the membrane with 30% H 2O2 for 15 min at 37°C, as described by Sennepin et al. (23) (Fig. 5 , example of false positive results).
Limitations to the SF Technology
Western blotting against AMPK␤1 was used to exemplify that UV-light activation may impede antibody-antigen interaction and signal quality (Fig. 6 ). Band specificity of AMPK ␤1 has been verified by coimmunoprecipitations, i.e., precipitating AMPK␣1 and ␤1 with anti-␣1 antibody, using human liver tissue where AMPK␤1 is found in AMPK complexes (Jesper Birk, Section of Molecular Physiology, The August Krogh Centre, Department of Nutrition, Exercise and Sport, University of Copenhagen, personal communication).
Statistics
All statistical analyses were performed in Sigma Plot 12.5 (Systat software, San Jose, CA). For regression analysis in study 1 Pearson's product moment correlation coefficient (R 2 ) and corresponding P values were obtained (Fig. 1, study 1) . In study 3a (Fig. 3) and 3b (Fig.  4) comparisons of group characteristics were made using paired/ unpaired Student's t-tests as appropriate. A two-way ANOVA for repeated measures was used in study 3b to analyze protein levels of mitochondrial complex V (Fig. 5) . The level of significance was set at P Ͻ 0.05. Data are expressed as mean Ϯ SE.
RESULTS
1) Linearity
To test linearity, a protein gradient was loaded and analyzed. P Ͻ 0.05), ␤-actin (R 2 ϭ 0.996 Ϯ 0.001, n ϭ 4, P Ͻ 0.05), and GAPDH (R 2 ϭ 0.780 Ϯ 0.026, n ϭ 5, P Ͻ 0.05), respectively (Fig. 1) .
2) Methodological Background Variation
A muscle homogenate was loaded repeatedly in equal amount (20 g ) in all lanes of the gel. The chemiluminescence signal of the RP level had a within membrane variation of 7.0, 11.2, and 5.1% for ␤-actin, ␣-tubulin, and GAPDH, respectively. The corresponding variation for the SF fluorescence membranes was 5.8, 8.3, and 4.7% compared with ␤-actin, ␣-tubulin, and GAPDH, respectively (Fig. 2) .
3) Physiological Conditions
a) When pooling middle-aged men with either a life-long history of endurance training or normal sedentary control subjects (characteristics in Fig. 3A) in the same group, the intersubject variation was lower in SF measured by fluorescence than in the corresponding RP level, measured by chemiluminescence, respectively: ␤-actin (14 vs. 33%), ␣-tubulin (10 vs. 23%), and GAPDH (15 vs. 40%) (Fig. 3C) . Despite the previously reported difference in V O 2 max and fiber type composition (25) there was no difference in the protein level of the RPs between controls and trained (data not shown). (Fig. 2) . It was used as a simple test of even transfer. b) From a previous study (8, 21) we included the 5 (of 17) young (23 Ϯ 1 yr) and 5 (of 15) older (66 Ϯ 2 yr) men that lost most muscle mass (890 Ϯ 169 g and 434 Ϯ 99 g, respectively) after 14 days' unilateral immobilization (Fig. 4A) . The variation of the SF technology was lower than the RPs; ␤-actin (9 vs. 42%), ␣-tubulin (14 vs. 142%), GAPDH (12 vs. 48%), respectively (Fig. 4D) . Muscle wasting did not induce differences in expression of RPs. However, the intensity of the chemiluminescence signals (and hence the protein levels) of ␤-actin and GAPDH were lower (P Ͻ 0.05), and a trend (P ϭ 0.09) toward lower ␣-tubulin in the older men compared with the young men (Fig. 4D, main effect) . The large variation obtained for the reference proteins could be due to a possible difference between the young and older men, and therefore the variation coefficient (CV) for the young and older men was also calculated separately (young men: 36, 111, and 48%; older men: 46, 56, and 45% for ␤-actin, ␣-tubulin, and GAPDH, respectively). However, the CV remained at a lower level when calculated for the stain-free gels (young men: 10, 14, and 14%, older men: 9, 14, and 11% for ␤-actin, ␣-tubulin, and GAPDH, respectively). Hence, the high CV for the RPs could not be explained by the group difference alone. The fluorescence signal of TP by SF technology was not different between the age groups. The significance of the age-related difference in RP levels was exemplified by demonstrating false positive results by normalizing intensity of the chemiluminescence obtained for protein levels of mitochondrial complex V. A normalization to ␣-tubulin (Fig. 5A) , ␤-actin (data not shown), and GAPDH (data not shown) showed lower (P Ͻ 0.05, main effect) mitochondrial complex V protein levels in the young men compared with the older men. In contrast, when mitochondrial complex V protein level was normalized to TP loaded measured by SF technology there was no difference in mitochondrial complex V protein between the age groups (Fig.  5B) . The protein level of mitochondrial complex V decreased with 14 days' immobilization with both normalization procedures. This is in accordance with the results from the full data set that has been published elsewhere (8) .
Limitations to the SF Technology
By using an AMPK ␤1 antibody directed against an epitope containing a tryptophan residue (14) , UV light activation of the gel for 2.5 and 5 min impeded antibody-antigen interaction and hence chemiluminescence signal compared with when no UV light activation was used (Fig. 6 ).
DISCUSSION
The criteria for a good internal loading control in human applied physiology are: high linearity, low methodological variation, low inter-and intrasubject variation, and a stable signal (UV light or chemiluminescence) with different physiological characteristics and in response to different interventions often used in applied physiology. In this study, it was found that the novel SF technology results in lower inter-and intraindividual variation compared with the existing normalization methods in human skeletal muscle. In addition, this technique provides and added advantage due to the possibility to evaluate the quality of loading, electrophoresis, and transfer during the Western Blotting process. Another major finding is 6 . Limitation to the Stain-Free technology. Example where UV light activation impedes antibody-antigen interaction and signal quality. AMPK␤1 after 5, 2.5 min, and without activation by UV light. Black arrow indicates the band of AMPK␤1 or where it was expected. Unspes, unspecific band (gray arrow). Band specificity was verified by coimmunoprecipitations, i.e., precipitating AMPK␣1 and ␤1 with anti-␣1 antibody, using human liver tissue where AMPK␤1 is found in AMPK complexes.
that protein levels of ␤-actin and GAPDH were lower (P Ͻ 0.05), and ␣-tubulin tended (P ϭ 0.09) to be lower in older compared with young men. This makes application of these RP problematic for normalization in studies that include subjects with an age difference. However, even a major difference in muscle fiber type I content or muscle atrophy do not seem to affect protein levels of ␤-actin, GAPDH, and ␣-tubulin.
Effect of Ageing
When using a RP, knowledge about the level of this protein in the studied subjects and the potential effects of the selected intervention is an absolute necessity for a trustworthy data outcome. It was previously shown that aging decreases the levels of ␤-actin in human leukocytes (32) and GAPDH protein abundance in glycolytic rat muscles (m. extensor digitorum longus and m. plantaris) (13) . In accordance, we demonstrate that protein levels of ␤-actin and GAPDH decrease and that ␣-tubulin tends (P ϭ 0.09) to decrease with age in human skeletal muscle (Fig. 4) and that this may have implications for the interpretation of the final data outcome, as we demonstrated in our mitochondrial complex V protein level normalization (Fig. 5) . Age-associated differences in the entire proteome profile were reported previously (6) . Likewise, an age-related increase in intramyocellular amount of noncontractile tissue, (i.e., fat and connective tissue) has been observed (11, 28) . Moreover, the decrease in muscle fiber cross-sectional area and number of muscle fibers, which is seen in sarcopenia, may likely also imply a decrease in structural proteins such as ␤-actin and ␣-tubulin. Although the samples in study 3b were freezedried and dissected free of blood, lipids, and connective tissue, it is impossible to completely remove all nonmuscle tissue. Furthermore, it is the author's experience that muscle samples from older individuals are more difficult to dissect than those from younger individuals. Thus it is very likely that muscle from older people have structural differences compared with their younger counterparts, which could also interfere at the reference proteins level, but this statement needs to be further elucidated.
Effect of Fiber Type Distribution and Immobilization
␤-Actin, GAPDH, and ␣-tubulin protein levels did not differ between the groups in the cross-sectional study (Fig. 3) where the subjects were matched by age and lean body mass but differed in fiber type I percentage. Therefore, the present dataset indicates that a shift in the fiber type distribution does not cause changes in ␤-actin, GAPDH, and ␣-tubulin protein levels measured by Western blotting. This would have been a rather straightforward assumption as fiber type differs greatly in structure (␤-actin and ␣-tubulin) and glycolytic capacity (GAPDH) (5) . Our data are also in contrast to the study by Lowe et al. (13) in which GAPDH was suggested to change with age-related changes in fiber type distribution in rats. However, the variation in ␤-actin, GAPDH, and ␣-tubulin band intensity obtained from chemiluminescence was larger compared with the total protein measured by the SF technology. This indicates that there is some interpersonal variation in ␤-actin, GAPDH, and ␣-tubulin protein levels that cannot be accounted for by fiber type distribution. Consequently, the interpersonal variation could increase the variation in a dataset after normalization and ultimately lead to false positive or negative results.
Regarding the muscle wasting response to an immobilization period, our results do not follow the observation by Nedergaard et al. (16) that GAPDH mRNA decreases after 2 weeks of immobilization and suggests that immobilization alone could affect GAPDH at the transcriptional level but not at the protein level.
Methodological Considerations
Our results show that total protein detection by SF technology is a reliable, sensitive, and time saving reference method for human skeletal muscle samples. This has previously been observed with mouse cortex (1), HeLA cells (10, 20) , lymphoblastoid cell lines (9), rat liver (7), and rat retinas (2) . In addition, using SF technology to quantify TP is a more sensitive alternative to traditional staining methods such as Ponceau S, Sypro Ruby, and Coomassie Brilliant Blue (2, 7, 9) . Furthermore, the SF method has no staining and destaining steps, provides quick and easy detection of proteins in the gel before and after transfer and on the membrane after transfer, and provides high quality images. Finally, the method provides an excellent process evaluation that reveals loading errors (e.g., loading in the wrong lane), defects in the gel, or sample deterioration that previously have been a "black box" (e.g., arrows in Figs. 2 and 3) .
We have showed a similar methodological variation between total protein measured by SF technology and RP level when the same sample was loaded (Fig. 2, study 2) but also an increased variation in RP level when samples differed in subject background and intervention. Therefore, the variability in expression of the ␤-actin, GAPDH, and ␣-tubulin seems to be due to both inter-and intrasubject variation and not a methodological derived variation. This is in accordance with a study done in cell lines (4). Here, a higher variation was present when using ␤-actin as a loading control (CV% ϭ 28%) compared with Coomassie staining (7.2%). Furthermore, GAPDH, ␤-actin, and ␣-tubulin did not remain constant with changes in tissue type, experimental conditions, and disease state (4). Moreover, our membranes were probed with the antibodies against RP as the first step. Normally, membranes are probed with the antibody against a protein of interest and then the membrane is stripped before probing with antibodies against the RP. Hence, the variation measured here may be lower than when performing experiments with other proteins of interest. Moreover, the difference in variation between the three SF membranes (4.7, 5.8, and 8.3%) in study 2 (Fig. 2) is probably due to differences in the methodological process (e.g., pipetting, handling, etc.). This indicates that deviations in the performance of Western blotting (e.g., pipetting, handling, and activation of the gel, etc.) may influence the variation added to the data set.
Furthermore, signal linearity in the range of the loaded amount of protein should be investigated for both the protein of interest and the normalization tool. This should be done to avoid errors due to saturation of the signal that could mask the correct results. This involves optimization of protocols for both SF (i.e., activation and exposure time) and RP levels (i.e., antibody concentration, protocol, and visualization) (27) .
Finally, a critical experimental note is that the image quality of the membrane after transfer is optimized if the trihalo-compound is activated in the gel before transfer. Here 5-min activation was used, which provided an overexposed picture to efficiently produce the UV activation of the gel. However, other studies have successfully used shorter activation of the gel (2, 9, 20) . Both the gel and membrane were kept hydrated during imaging as suggested by Gilda and Gomes (7) .
Limitations to the SF Technology
The SF technology detects only tryptophan-containing proteins, meaning that the normalization actually is relative to the tryptophan concentration in the sample. Moreover, handling of the gel during the activation procedure introduces a risk of breakage and drying before blotting. Recently, Gilda and Gomes (7) stated the concern that the UV-driven covalent trihalo modification of tryptophans may disrupt the antibodyantigen interaction, which we observed after 2.5 and 5 min of activation followed by probing for AMPK␤ 1 (Fig. 6) . However, it is possible that a shorter duration of activation would have prevented this. Thus, it is important carefully to choose and test a normalization strategy in each specific study. Using the SF methodology, the antibodies should be optimized with and without UV light application to detect any disruption in antibody-antigen binding.
Conclusion
Total protein concentration measured by SF technology is a fast and reliable loading control in human skeletal muscle in different interventions, including aging, muscle wasting, and differences in muscle fiber type distribution. Moreover, studies that include muscle samples from human subjects with a large age difference may consider not using ␤-actin GAPDH and ␣-tubulin as loading control in Western blot analysis. Oppositely, these RPs may be a valid reference in studies including muscle wasting and interpersonal fiber type differences. However, the RPs add larger variation to a data set compared with measurements of total protein by SF technology. Thus if the RPs are used as loading control they ultimately may introduce false-positive or -negative results. In the light of the challenges that are highlighted here and in line with other recommendations (1, 17, 27) , protein determination by Western blotting should always be accompanied by data on the appropriateness of the loading control.
